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RESEARCH  SUMMARY 


The  development  of  trees  and  growth  on  clearcuts  was  studied  on  the 
Abies  grandis/Clintonia  uniflora  habitat  type   (ABGR/CLUN  h.t.)   in  the 
Swan  Valley  of  northwestern  Montana. 

The  herb  and  shrub  coverage  on  clearcuts  is  dominated  by  native 
species  that  either  were  present  in  the  \incut  forest  or  invaded  following 
treatment.     Species  abundance  is  influenced  by  both  cutting  practices 
and  by  seedbed  preparation  techniques.     Most  species  found  in  mature 
forests  are  also  present  following  clearcutting ,  but  many  decrease 
greatly  in  abundance. 

Most  tree  species  begin  establishing  immediately  after  disturbance, 
but  grand  fir,  Douglas-fir,  and  western  white  pine  continue  to  establish 
long  after  western  larch  and  lodgepole  pine  are  through.     Due  to  early 
establishment  and  rapid  growth,   larch  tends  to  dominate  the  young  stands 
on  many  clearcuts.     The  clearcut,   seed  tree,   and  shelterwood  systems, 
with  site  preparation,  work  well  in  these  forests,  which  are  adapted  to 
recycling  by  intense  wildfires.     On  south  slopes,   a  shelterwood 
usually  is  required  to  assure  tree  establishment,  but  on  north  slopes, 
clearcuts  and  seed  tree  cuts  usually  produce  abundant  regeneration. 
Site  preparation  by  dozer  scarification  or  broadcast  burning  is  required, 
regardless  of  cutting  method. 

Small  suppressed  grand  fir  should  not  be  used  as  advanced  regeneration 
to  form  a  new  stand  because  these  trees  are  often  very  old  and  will  not 
respond  to  release  adequately  to  yield  a  productive  new  stand.     Grand  fir 
will  only  produce  significant  merchantable  volume  if  the  trees  are  in 
a  dominant  or  codominant  position  during  most  of  their  lives. 
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INTRODUCTION 


Grand  fir  {Abies  grandis   [Dougl.]   Lindl.).  western  redcedar   {Thuja  plicata  [Donn]), 
western  white  pine   {Pinus  monticola  Dougl.  )>  western  hemlock   {Tsuga  heterophylla 

[Raf.]  Sarg.)  are  major  forest  trees  of  northern  Idaho  and  areas  farther  west,  but 
decrease  in  abundance  and  become  more  localized  eastward  across  northwestern  Montana. 
They  all  reach  their  range  limits  near  the  Continental  Divide.     This  distribution 
pattern  is  related  to  the  influx  of  moist  Pacific  air  along  a  prominent  storm  track 
roughly  paralleling  the  Canadian  border  (Daubenmire  1975).     Upon  crossing  each 
mountain  range  the  moisture  supply  is  diminished.     The  last  major  pockets  of  heavy, 
low  elevation  precipitation  occur  where  these  Pacific  air  masses  intercept  the  main 
ranges  of  the  Rocky  Mountains  east  of  the  Flathead  Valley.     These  areas  contain 
luxuriant  forests,   in  which  grand  fir,  western  redcedar,  or  western  hemlock  are  potential 
climax  species. 

The  northern  Swan  Valley  contains  a  relatively  large  area  of  wet,  low  elevation 
forests.     Over  much  of  this  area,  grand  fir  is  the  major  climax  species   (fig.   1),  v\;ith 
western  redcedar  abundant  on  the  wetter  topographic  positions,   such  as  north  slopes 
and  stream  bottoms.     These  sites  correspond  to  the  Abies  grandis /Clintonia  uni flora 
(ABGR/CLUN)  and  Thuja  plicata/Clintonia  uni flora   (THPL/CLUN)  habitat  types   [h.t.)  as 
defined  by  Pfister  and  others  (1977).     Western  larch  {Larix  occidentalis  Nutt.),  Douglas- 
fir  {Pseudotsuga  menziesii  var.   glauca   [Beissn.]   Franco),   lodgepole  pine  {Pinus 
contorta  Dougl.),  western  white  pine,  and  spruce  (a  hybrid  complex  of  Pinus  glauca 
[Moench]  Voss  and  P.  engelmannii  Parry)   (Habeck  and  Weaver  1969) .     Because  of  the 
high  site  potential  in  much  of  the  Swan  Valley,  careful  consideration  of  forest 
reestablishment  should  be  made  prior  to  logging  (fig.   2) .     This  paper  is  designed  to 
N    aid  managers  and  others  working  with  grand  fir  forests  in  the  Swan  Valley  and  other 
areas  with  similar  vegetation. 

Ayers  (1900)  and  Whitford  (1905)  gave  early  accounts  of  forest  development  in  the 
Swan  Valley.     Subsequently,  few  reports  have  dealt  specifically  with  the  forests  of  the 
Swan  Valley  (Lukes  1976;  Pearcy  1965;  Vogl  and  Ryder  1969).     Pfister  and  others  (1977) 
provided  a  habitat  type  classification  for  Montana  forests  based  upon  potential  climax 
vegetation.     They  studied  mature  stands  and  offered  successional  implications  in  a 
general  way. 


Figure  1 . --Overmature  grand  fir 
stand.  Porcupine  Creek  drain- 
age, Flathead  National  Forest. 
Dense  tall  shrubs  occupy  road 
cut,  an  indication  of  what 
will  happen  to  cutover  areas 
unless  regeneration  is  prompt. 
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Figure  2. --Recently  cutover  grand 
fir  stands  in  the  Porcupine 
Creek  drainage  of  the  Flathead 
National  Forest,  Montana.  The 
vvestern  larch  regeneration  is 
overtopping  the  tall  shrubs  in 
the  foreground  and  occasional 
advance  growth  grand  fir  shows 
above  the  shrubs  in  the  back- 
ground. 


The  purposes  of  this  paper  are:   (1)  to  summarize  the  natural  succession  patterns 
in  the  grand  fir  forests  of  the  Swan  V'alley;   (2)  to  describe  differences  in  herbs  and 
shrubs  between  clearcuts  and  uncut  forests;   (3)  to  compare  tree  regeneration  on 
clearcuts  following  site  preparation  with  uncut  forests;  and  (4)  to  suggest  silvicul- 
tural  systems  which  offer  the  optimum  management  potential  for  timber  production. 
This  paper  has  direct  application  for  land  managers  and  silviculturists  working  with 
the  Abies  grandis/Clintonia  uni flora  habitat  type  of  northwestern  Montana.  In 
addition,  it  may  have  indirect  application  in  such  similar  types  as  Thuja  plicata/Clin- 
tonia  uni flora  habitat  type  and  nearby  areas,  provided  caution  is  exercised. 

Natural  forest  succession  patterns  are  only  summarized  here  since  they  are  covered 
elsewhere  (Antes  1977;  Antos  and  Habeck,  in  press).     Understanding  such  patterns  can 
aid  land  managers  and  silviculturists  in  predicting  vegetation  response  following 
wildfire  (fig.  3)  or  various  silvicultural  practices.     Management  practices  which 
mimic  natural  forces  are  often  advantageous  because  they  simulate  the  conditions  to 
which  the  species  are  adapted.     Our  understanding  of  natural  forest  succession  has 
facilitated  the  formulation  of  many  of  the  conclusions  made  in  this  paper. 
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Figure  5.--A  dense  stand  of 
western  larch  and  lodge- 
pole  pine  growing  on  an 
area  burned  by  a  wildfire 
in  about  1890,  Bug  Creek 
drainage,  Flathead  National 
Forest,  Montana.  Much 
potential  timber  value  has 
been  lost  because  the 
stand  was  not  thinned  years 
ago. 


STUDY  AREA 

The  Swan  Valley  lies  east  of  Flathead  Lake,  and  occupies  the  trench  between  the 
Mission  Mountains  to  the  west  and  the  Swan  Range  to  the  east   (fig.  4] .     The  Swan 
River  flows  northward  in  the  valley,  through  Swan  Lake  at  the  north  end,  and  out  into 
Flathead  Lake  (fig.   5).     To  the  east,  the  steep  scarp  face  of  the  Swan  Range  rises 
abruptly  to  a  crest  ranging  between  6,600  and  9,300  ft   (2  000  and  2  800  m)   in  elevation. 
The  Mission  Mountains  begin  west  of  the  north  end  of  the  valley  and  rise  steadily  to 
9,800  ft  (3  000  m)  at  the  south  end.     Slopes  on  the  Mission  Range  are  greater  than  on 
the  Swan  Range.     From  an  elevation  of  3,100  ft  (930  m)  at  Swan  Lake,  the  broad  valley 
bottom  rises  gently  southward.     Streams  on  both  sides  of  the  valley  liave  deeply  dissected 
the  mountain  masses  yielding  contrasting  north  and  south  slope  habitats. 

Both  the  Mission  and  Swan  Ranges  are  in  essence  tilted  fault  blocks  composed  of 
Pre-Cambrian  Belt  Series  strata  (Johns  1970).     The  bedrock  is  mostly  argillite  and 
limestone  with  the  latter  predominant  on  the  Mission  Range  side  and  the  former  abun- 
dant on  the  lower  part  of  the  Swan  face.     The  entire  area  was  glaciated  leaving  thick 
layers  of  till  on  the  valley  floor  and  lesser  amounts  on  most  parts  of  the  mountain 
slopes  (Alden  1953) . 

Most  soils  are  developed  in  till,  capped  with  a  reddish-brown  layer  of  volcanic 
ash  averaging  4-8  inches  (10-20  cm)  thick.     The  soils  exhibit  minimal  profile  develop- 
ment with  an  intermittent  ash-gray        horizon  less  than  0.4  inches  (1  cm)  thick 
(Antos  1977). 
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Figure  4. --Map  of  Svvan  X'alley,  Montana,  showing  approximate  locations  of 

natural  stands  that  were  sampled. 
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Figure  5. --Swan  Valley,  Montana, 
and  the  southern  edge  of 
Swan  Lake,  facing  southeast. 
The  photo  was  taken  from  a 
recent  clearcut  on  Yew  Creek. 

The  topographic  configuration  of  the  Swan  Valley  allows  moist  Pacific  air  masses 
to  penetrate  the  north  end  of  the  valley,  but,  southward,  low-elevation  precipitation 
decreases  due  to  the  imposition  of  a  rain-shadow  effect  from  the  high  portion  of  the 
Mission  Mountains  (Antos  1977).     Swan  Lake,  the  only  weather  station  within  the  northern 
part  of  the  valley,  receives  a  mean  of  30  inches/yr  (760  mm/yr)  of  precipitation. 
Because  this  station  is  on  the  valley  bottom,  most  nearby  mountainside  locations 
probably  receive  considerably  more  precipitation.     Most  precipitation  falls  during 
winter  and  spring.     There  is  a  distinct  dry  period  during  summer  (table  1) .     At  Swan 
Lake,  the  average  July  and  January  temperatures  are  62.4°F  (16.9°C)  and  22.8°F  (-S.1°C), 
respectively.     During  winter,  moist  Pacific  air  masses  are  much  more  common;  but  cold 
arctic  air  masses  occasionally  cross  the  Continental  Divide  to  enter  the  Swan  Valley. 
During  winter,  mean  maximum  snow  depths  exceed  3  ft   (1  m)  even  at  lower  elevations. 

Table  I. --Monthly  mean  precipitation  and  temperature  at  Swan  Lake   (3,150  ft  elevation; 

21  years  of  record) 


JFMAMJJASOND  Annual 


Precipi- 
tation 

(inches)     4.2      2.6      2.1      1.7      2.0      3.2      1.2      1.8      1.9      2.4      3.4      3.4  29.8 

Tempera- 
ture 

(°F)  22.8     28.8     33.3    40.8     50.2     56.8     62.4     61.5     59.9    43.2     32.7     24.4  42.4 


In  the  northern  part  of  the  Swan  Valley,  grand  fir  is  the  indicated  climax  species 
on  most  sites  between  the  valley  bottom  at  3,200  ft   (960  m)  and  an  elevation  of  about 
5,000  ft  (1  500  m) .     The  more  cold-tolerant  subalpine  fir  (Abies  lasiocarpa  [Hook.] 
Nutt.)  replaces  grand  fir  above  5,000  ft  (1  500  m)  and  in  some  frost  pockets.     It  also 
occurs  as  a  minor  forest  component  on  many  grand  fir  climax  sites.     Near  the  south 
end  of  the  valley,  grand  fir  becomes  restricted  to  the  moister  topographic  locations 
and  is  of  minor  occurrence.     On  the  sites  too  dry  for  grand  fir,  Douglas-fir  is  the 
potential  climax  species.     Ponderosa  pine  is  a  common  serai  component  of  stands  on 
these  sites,  but  rare  on  the  ABGR/CLUN  habitat  types.     On  the  wettest  sites  (THPL/CLUN) , 
redcedar  and  grand  fir  are  common  associates. 
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Most  logging  operations  in  the  S\\an  Valley  (from  1950-1971)  have  involved  clearcuts 
with  subsequent  site  preparation  and  slash  disposal  through  dozer  scarification  and 
piling  and  burning  of  debris.     Some  seed  tree  cuts  have  been  used,  but  none  of  the  cuts 
sampled  had  any  seed  trees  left  on  them.     Before  1950,  most  of  the  cutting  took  place  on 
the  valley  bottom  near  Swan  Lake  (fig.  6).     It  is  very  di-fficult  to  find  paired  stands 
in  these  older  logged  areas,  but  more  recent  clearcuts  are  interspersed  with  blocks  of 
uncut  timber.     These  historical  conditions  limited  the  t>'pes  of  cuttings  that  were 
evaluated . 


Figure  6. --Grand  fir,  spruce, 
lodgepole  pine,  and  paper 
birch  form  the  stand  years 
after  an  overstory  removal, 
2  miles  south  of  Ferndale, 
Montana. 


Early  accounts  of  the  Swan  Valley  indicate  that  wildfire  had  a  strong  influence 
on  the  vegetation  (Ayers  1900;  Whitford  1905).     The  ABGR/CLUN  habitat  t>-pe  occurs  on 
relatively  wet  sites  and  fire  frequency  is  relatively  low.     Many  summers  receive  frequent 
rains  that  prevent  the  development  of  large  fires,  but  occasional  dry  summers  allow  the 
potential  for  conflagrations  to  increase.     The  forest  vegetation  is  well  adapted  to 
this  intense  and  cyclic  disturbance.     Western  larch,  the  most  commercially  valuable 
species  in  the  Swan  Valley,  is  largely  dependent  on  fire  for  regeneration.  Usually, 
a  few  large  western  larch  trees  survive  intense  wildfires  to  provide  a  seed  source. 
The  fine  old  stands  present  in  the  Swan  Valley  were  all  fire  initiated  (fig.  7).  In 
addition  to  stand  initiation  fires,  ground  fires  that  remove  part  of  the  overstory  were 
common  in  the  Swan  Valley.     Wildfire  as  an  environmental  factor  and  the  adaptation  of 
the  vegetation  to  fire  must  be  considered  in  order  to  understand  the  dvnamics  of  these 
forests . 
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Figure  7. --Old  growth  western 
larch,  grand  fir,  and 
western  white  pine  adjacent 
to  the  Soup  Creek  Camp- 
ground, Swan  River  State 
Forest,  Montana.     Of  the 
understory  trees,  grand  fir 
is  in  the  majority. 


METHODS 
Natural  Stands 

A  thorough  reconnaissance  of  the  Swan  Valley  in  1975  facilitated  the  selection  of 
natural  stands  for  sampling  and  determined  the  applicability  of  sample  data  to  the 
entire  forest  area.     Stands  selected  contained  grand  fir  and  showed  little  sign  of 
man-caused  disturbance.     Sampled  were  56  natural  stands  representing  a  wide  range  of 
stand  ages  and  environmental  conditions. 

The  sampling  procedure  described  by  Pfister  and  others   (1977)  was  followed.  In 
each  stand,  a  circular  plot,  approximately  1/10  acre  (375  m^)   in  size,  was  laid  out 
subjectively,  but  without  preconceived  bias  (Muel ler-Dombois  and  Ellenburg  1974), 
with  the  intent  of  documenting  representative  stand  conditions.     The  canopy  coverage 
of  each  vascular  plant  species  was  recorded  by  the  following  classes:   <1,   1-5,  5-25, 
25-50,  50-75,  75-95,  and  95-100  percent.     Tree  coverage  was  estimated  separately  for 
three  diameter  classes:   <4  inches  (<1  dm),  4-12  inches  (1-3  dm),  and  >12  inches 
(>3  dm).     All  trees  within  the  plot  were  tallied  by  2-inch  (5-dm)  diameter  classes, 
with  trees  <4.5  ft  (<1.4  m)  tall  recorded  as  a  separate  class.     Physical  stand 
parameters,  such  as  elevation,  topographic  position,  aspect,  and  slope  inclination, 
were  recorded.     Each  stand  was  examined  to  determine  its  extent  and  the  nature  of 
adjacent  communities. 

Stand  ages  were  determined  by  taking  increment  cores  of  mostly  larch  or  lodgepole 
pine  because  they  regenerate  soon  after  fire.     All  increment  cores  were  taken  as  close 
to  the  ground  level  as  feasible  to  obtain  the  best  possible  estimate  of  total  age. 
Cores  were  extracted  from  other  tree  species  to  determine  when  they  became  established. 
Many  stands  contain  numerous  small  grand  fir.     The  age-size  relationships  of  these 
trees  were  determined;  numerous  small  ones  were  cut  and  larger  ones  had  increment 
cores  extracted  (about  167  ages  obtained).     The  age  distribution  of  other  species 
was  less  intensively  examined.     For  all  trees,  age,  height,  diameter,  and  vigor  were 
noted. 
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The  data  from  natural  stands  were  analyzed  by  using  polar  ordinations  and  direct 
gradient  analysis.     Stand  moisture  status  used  in  the  analysis  was  estimated  from 
topographic  position.     These  analyses  led  to  an  understanding  of  the  dynamic  and 
successional  patterns  of  this  forest  vegetation. 

Clearcuts 

All  clearcuts  adjacent  to  sampled  natural  stands  were  examined  to  determine  if  the 
cut  area  had  been  similar  to  the  adjacent  old  stand.     Uniformity  between  the  cutoi'er 
and  uncut  stands  was  determined  by  the  follov\ring  criteria:   (1)  aspect  and  elevation 
were  the  same,   (2)  topography  was  continuous  between  the  cut  and  uncut  location,  and 
(3)  the  size  and  species  distribution  of  stumps  on  the  cut  site  were  similar  to  size 
and  species  distribution  of  trees  in  the  uncut  stand.     Most  of  the  sample  plots  on 
clearcuts  were  located  approximately  200  ft  (60  m)  from  the  edge  of  uncut  timber  to 
minimize  differences  related  to  distance.     Fourteen  clearcut-uncut  stand  pairs  met  the 
requirements  for  sampling;  11  on  the  ABGR/CLUN  h.t.,  and  three  on  the  THPL/CLUN  h.t. 
These  cuts  were  sampled  by  using  the  same  procedure  employed  for  natural  stands.  All 
clearcuts  sampled  were  inspected  to  ascertain  factors  such  as,  the  distribution  of 
regeneration  in  relation  to  the  edges  of  standing  timber.     In  addition,  observations 
were  made  on  numerous  cuts  which  were  not  sampled. 

Locations  where  tree  species  establishment  was  occurring  were  extensively  observed 
during  the  course  of  this  study. 

The  data  from  the  cut-uncut  stand  pairs  were  compared  to  determine  the  nature  and 
magnitude  of  vegetation  differences.     The  percent  dissimilarity  between  the  pairs  was 

calculated  using  the  index:  PD  =  100  -  flOOx^^-^),  where  a  represents  the  sum  of  values 

for  one  stand,  b  the  sum  of  values  for  the  other  stand,  and  w  is  derived  by  taking  the 
lower  value  for  each  species  considered  and  then  summing  them.     Evaluation  of  cut-uncut 
stand  pairs,  observations  of  other  cut  areas,  and  field  interpretations  of  natural 
forest  dynamics  were  used  to  identify  factors  influencing  vegetation  development 
on  logged  sites.     From  this  body  of  knowledge,  an  overall  evaluation  was  made  of  regen- 
eration systems  that  could  be  used  in  the  management  of  these  grand  fir  sites. 

RESULTS  AND  DISCUSSION 
Natural  Forest  Succession 

The  major  factors  influencing  composition  of  these  natural  stands  are  site  moisture 
and  the  stage  in  succession.     Western  larch,  Douglas-fir,  and  lodgepole  pine  were  found 
throughout  the  range  of  moisture  conditions,  but  major  differences  were  evident  in 
composition  of  herbs  and  shrubs.     Western  redcedar  occurs  only  on  the  wetter  one-fourth 
of  the  sites  supporting  grand  fir. 

Stand  replacement  fires,  the  predominant  natural  disturbance  affecting  this  forest 
vegetation,  occurred  at  intervals  that  averaged  about  150  years  (range  of  <20-300+) .  A 
broad  range  of  postfire  developmental  pathways  for  vegetation  was  observed  (fig.  8). 
These  varied  by  age  and  composition  of  the  burned  stand,  fire  intensity,  distance  to 
seed  source,  and  postfire  \reather.     Western  larch  and/or  lodgepole  pine  usually  estab- 
lish promptly  after  fire  (fig.   3).     Fires  in  young  stands  tend  to  favor  lodgepole 
pine  where  cones  are  serotinous.     Fires  in  older  forests,  where  most  of  the  lodgepole 
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pine  has  died,  favor  long-lived  species  such  as  western  larch.     Douglas-fir  saplings 
grow  beneath  larch  and  lodgepole  pine  in  most  young  stands  because  early  growth  is 
slower  and  establishment  continues  over  a  longer  period.     Douglas-fir,  sufficiently 
shade  tolerant  to  persist,  fills  canopy  gaps.     In  many  old  growth  stands,  Douglas-fir 
is  as  important  as  larch.     Occasionally,  neither  larch  nor  lodgepole  pine  succeed  in 
establishing;  so  the  stand  develops  by  the  slow  process  of  shrubfield  invasion.  This 
yields  distinctive  old  stands  composed  of  a  mixture  of  Douglas-fir,  grand  fir,  white 
pine,  and  spruce  (fig.  1). 


Figure  8 . --Successional  patterns  on  the  Abies  grandis/Clintonia  uni flora  (ABGR/CLUN) 
habitat  type  in  the  Swan  Valley,  northwestern  Montana.     (Capital  letters  indicate 
major  species  and  lowercase  letters  indicate  minor  species.) 

Herbs  and  Shrubs 

Of  the  11  clearcuts  sampled  on  the  ABGR/CLUN  h.t.,  two  represent  the  Aralia 
nudicaulis  phase,  one  the  Xerophyllum  tenax  phase,   and  the  rest  the  Clintonia  uni flora 
phase  (table  2).     Site  preparation  was  by  dozer  scarification  on  10  clearcuts;  the 
other  was  broadcast  burned.     From  7  to  16  years  had  passed  since  site  preparation. 
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Table  2 . --Dissimilarity  values  between  clearcut  stands  and  paired  uncut  stands  on  the 
Abies  grandis/Clintonia  uniflora  habitat  type  in  the  Swan  Valley 


Clearcut 

stand  Percent 
number  dissimilarity 


Slope      Slope  Years  since 

aspect    angle    Elevation  disturbance 


Method  of  site 
preparation 


Habitat 
type 
phase  ^ 


63 


61 


68 


67 


62 


65 


73 


69 


71 


64 


66 


43.  2 


48.2 


51.6 


53.6 


56.1 


57.4 


59. 1 


61.8 


64.2 


68.7 


74.4 


Degrees  Feet 

W  20  4,500 

W-SW  7  4,100 

N  13  4,450 

NW  22  4,200 

N-NE  15  3,850 

N  4  3,250 

NE  15  4,450 

NE  15  4,000 

N-NIV  27  4,200 

N-NW  8  4,150 

NE  12  3,450 
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16 


12 


12 


12 


Piled  by 
bulldozer 
and  burned 

Piled  by 
bulldozer 
and  burned 

Partly  piled 
by  bulldozer 
and  burned 

Piled  by 
bulldozer 
and  burned 

Piled  by 
bulldozer 
and  burned 

Piled  by 
bulldozer 
and  burned 

Piled  by 
bulldozer 
and  burned 

Piled  by 
bulldozer 
and  burned 

Broadcast 
burned 

Piled  by 
bulldozer 
and  burned 

Piled  by 
bul Idozer 
and  burned 


XETE 


CLUN 


CLUN 


CLUN 


CLUN 


ARNU 


CLUN 


ARNU 


CLUN 


CLUN 


CLUN 


^CLUN  =  Clintonia  uniflora 
XETE  =  Xerophyllum  tenax 
ARNU  =  Aralia  nudicaulis . 


The  dissimilarity  values  between  the  cut  and  uncut  pairs  on  the  ABGR/CLUN  h.t.  range 
from  48  to  74  percent  with  an  average  o£  58  percent  (table  2).     Although  many  species 
occur  under  both  conditions,  the  presence  and  coverage  often  show  marked  changes  (table 
3).     Some  species  occur  only  on  the  clearcuts  and  not  in  old  stands.     A  few  are  elimi- 
nated upon  cutting.     A  group  of  species  typified  by  Epilobium  angusti folium  and  Ceanothus 
sanguineus  are  not  present  in  mature  forest,  but  are  common  on  these  disturbed  sites 
(fig.   9).     They  are  able  to  colonize  disturbed  locations  by  wind  dispersed  seeds  or 
seeds  stored  in  the  soil  since  the  last  disturbance  period.     These  species  are  intoler- 
ant of  shade  and  tend  to  disappear  from  the  stand  early  in  succession. 
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Table  3.- 


-Presence  and  average  coverage  of  species  present  in  three  or  more  of  the  11  clearcut  or  paired 
uncut  stands  representing  the  Abies  grandis/Clintonia  uniflora  habitat  type 


Clearcut 
7  to  16  vears  aeo 


Uncut 


Species 


Presence 
n=ll 


Percent 
coverage 


Presence 
n  =  ll 


Percent 
coverage 


SHRUBS 


Acer  glabrum 
Alnus  sinuata 
Amelanchier  alni folia 
Berberis  repens 
Ceanothus  sanguineus 
Lonicera  ciliosa 
L.  utahensis 
Menziesia  ferruginea 
Pachistima  myrsinites 
Ribes  lacustre 
R.  viscosissimum 
Rosa  gymnocarpa 
Rubus  parviflorus 
Salix  scouleriana 
Sorbus  scopulina 
Spiraea  betuli folia 
Symphoricarpos  albus 
Taxus  brevicolia 
Vaccinium  globulare 


1  5.0 

4  3.8 
9  4.0 

5  t 

5  •  8.0 

6  2.0 
6  2.0 

4  1.7 

10  5.5 

5  1.5 

6  5.4 

11  5.9 

10  3.5 

7  1.0 
5  1.5 

11  10.4 
4  3.5 

2  1.4 
10  7.8 


11  11.1 

1  t* 

7  2.  U 

8  t 

4  5.0 
7  t 
6  5.7 

11  t 

3  t 

11  8 .  S 

3  t 

3  t 

11  2.7 

3  b .  0 

5  20.(1 
10  10.3 


FORBS 


Adenocaulon  bicolor  10  t  10  3.S 

Anaphalis  margaritacea  10  t  - 

Antennaria  wicrophylla  4  t  - 

Arnica  sp.  9  3.5                                 7  5.h 

Aster  conspicuus  3  t                                 2  t 

Chimaphila  umbellata  3  t  10  1.4 

Circium  vulgare  11  t 

Clintonia  uniflora  9  t  11  7.1 

Corallorhiza  maculata  -  -                                   3  t 

Disporum  hookeri                          '  7  t                                   9'  4.b 

Eplobium  angusti folium  11  20.9 

E.  paniculatum                                    .4  t 

Fragaria  vesca  5  2.0                                3  t 

Galium  triflorum  1  t                                   6  t 

Goodyera  oblongi folia  -  -  10  t 

Gymnocarpium  dryopteris                     '2                    .1.4                                   3  t 

Hieracium  albiflorum  10  t                                   6  t 

Linnaea  borealis  4  1.7  10  7.5 

Listera  caurina  -  -                                 4  t 

Osmorhiza  chilensis  4  t                                   9  t 

Pedicularis  racemosa  1  t                                   3  1.7 

Pteridium  aquilinum  3  t                                   3  t 

Pyrola  asari folia  1  t                                   8  t 

P.   secunda  5  t                                   6  t 

Smilacina  stallata  10  3.5  10  5.0 

Solidago  canadensis  3  1.4 

Taraxacum  officinale  '5  t 

Thalictrum  occidentale  1  t                                   7  t 

Tiarella  trifoliata  4               '  t                                   7  1.9 

Viola  orbiculata         -5  t  10  t 

Xerophyllum  tenax          ^  7  t  10  9.7 

GRAMINOIDS 


Browns  vulgaris  9 

Calamagrostis  rubescens  6 

Car ex  concinnoides  9 

C.  rossii  6 

Festuca  occidentalis  9 

Trisetum  canescens  3 


2.0  8  1.0 

10. (3  5  4.1 

7.9  6  t 
8.4 

3.2  5  t 

t  - 


*t  represents  coverage  of  less  than  1  percent 
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Figure  9 . --Ceanothus  sanguineus 
on  a  drier  clearcut  (^Abies 
grandis/Clintonia  uniflora- 
Xerophyllum  Tenax  habitat  type) . 
Cilly  Creek  drainage.  Swan  River 
State  Forest. 


The  cover  of  graminoids  is  much  higher  on  the  clearcuts  than  in  the  old  forest 
(32  percent  versus  5  percent).     Festuca  occidentalis  and  Carex  concinnoides  occur  in 
small  amounts  in  about  half  of  the  old  stands,  but  are  present  on  over  80  percent  of  the 
clearcuts  with  coverages  of  several  percent  (table  3).     Carex  rossii  is  rare  in  old 
stands  on  the  ABGR/CLUN  h.t.,  but  occurs  on  about  half  of  the  clearcuts  with  an  average 
coverage  of  over  8  percent,  most  of  which  is  contributed  by  two  stands.  Calamagrostis 
rubescens  more  than  doubles  in  coverage  on  the  clearcuts  (it  probably  spreads  rhizoma- 
tously) ,  but  does  not  appear  to  invade  sites  on  which  it  has  not  been  present.     A  few 
Eurasian  grasses  establish  on  some  clearcuts,  but  usually  are  not  a  major  component. 

Many  species  characteristic  of  old  forests  tend  to  decrease  on  clearcuts. 
Adenocaulon  bicolor,  Clintonia  uni flora ,  and  Disporum  hooderi  are  not  usually  removed 
from  a  site,  but  decrease  greatly  in  coverage  (table  3) ,     On  clearcuts  these  species 
are  often  confined  to  sheltered  spots,  such  as  by  stumps.     Chimaphila  umbellata ,  Linnaea 
borealis ,  Tiarella  trifoliata,  and  Pyrola  asarifolia  not  only  decrease  in  coverage,  but 
disappear  on  many  sites.     The  orchids  Goodyera  oblongi folia ,  Listera  caurina ,  and 
Corallorhiza  maculate  are  almost  always  absent  on  clearcuts  although  present  in  small 
amounts  in  many  uncut  stands.     These  reductions  are  due  both  to  altered  microenvironmental 
conditions,  unfavorable  for  the  growth  of  many  species,  and  physical  disturbance  during 
site  preparation.     Some  species  that  grow  well  on  clearcuts,  but  depend  on  sprouting 
from  root  stocks  to  survive  disturbance  are  adversely  affected  by  root  destruction 
during  dozer  scarification  and  slash  piling.     Beargrass  {Xerophyllum  tenax)  decreases 
greatly  on  the  clearcuts  probably  because  of  scarification  since  this  species  grows 
well  on  many  natural  open  spots.     Even  though  Acer  glabrum  grows  well  in  open  conditions 
and  is  often  an  important  component  of  shrubfields,  it  decreases  on  clearcuts  to  less 
than  half  the  coverage  recorded  in  the  old  forest,  probably  because  of  mechanical 
damage  of  the  root  systems. 

In  contrast  to  those  species  which  decrease  on  cuts,  there  are  others  growing  in 
old  stands  which  find  the  altered  conditions  on  clearcuts  favorable  and  thus  increase 
in  abundance.     Among  the  shrubs,  Alnus  sinuata,  Pachistima  myrsinites ,  Rubus  parviflorus , 
Sorbus  scopulina ,  and  Spiraea  betulifolia  increase  on  clearcuts   (table  3) .  Typical 
forest  forbs  do  not  tend  to  increase. 
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Vaccinium  globulare  decreases  in  coverage  on  some  clearcuts  (probably  because  of 
physical  destruction  of  root  systems),  but  tends  to  have  much  higher  berry  production. 
The  bushes  do  not  do  well  on  clearcuts  on  exposed  south  slopes,  but  respond  positively 
to  canopy  removal  on  wetter  topographic  sites.     Apparently,  this  species  does  not 
establish  rapidly  from  seed;  so  care  to  preserve  root  systems  of  individuals  present 
in  cut  stands  is  necessary  during  site  preparation  if  the  species  is  to  be  favored 
(Miller  1977] . 

Shrub  coverage  on  clearcut  sites  in  contrast  with  uncut  sites  is  variable.  In 
some  old  stands  western  yew  (Taxus  brevi folia)  has  coverages  over  50  percent,  but  is 
largely  removed  during  site  preparation.     If  not  destroyed  in  this  manner  the  yew 
survives,  but  does  not  grow  well,  often  appearing  yellowish  when  in  full  sun.  Stands 
with  high  shrub  coverage  will  often  show  an  increase  in  shrub  coverage  if  there  is 
no  site  .preparation. 

Important  browse  species  like  Ceanothus  sanguineus  and  Salix  scouleriana ,  which 
establish  on  cuts  mostly  from  seed,  should  not  inhibit  rapidly  establishing  tree 
species  on  these  habitats  in  the  Swan  Valley.     When  tree  establishment  is  delayed,  the 
development  of  shrubs  from  seed  and  root  stocks,  along  with  the  increase  of  graminoids, 
becomes  a  major  problem  decreasing  seedling  establishment. 

Tree  Regeneration 

Most  of  the  clearcuts  are  adequately  stocked  with  young  trees,  but  the  stocking 
varies  greatly  both  in  density  and  in  species  composition  (table  4).     Larch  is  by  far 
the  most  common  tree  regenerated  on  the  clearcuts,  sometimes  occurring  in  dense  stands. 
Where  larch  is  a  major  component  of  uncut  stands,  its  regeneration  usually  is  predomi- 
nant in  the  new  stand  after  clearcutting .     On  about  half  of  the  clearcuts,  larch 
regeneration  dominates  the  new  stands.     Douglas-fir,  grand  fir,  and  white  pine,  the 
major  associates  of  larch,  are  more  shade  tolerant  and  are  overtopped  by  the  larch 
throughout  the  development  of  the  stand.     Lodgepole  pine  is  rare  or  absent  on  most 
clearcuts  owing  to  the  lack  of  seed  source  in  most  old  stands  or  to  the  loss  of  seed 
during  site  preparation.     The  few  young  lodgepole  pines  that  occur  are  as  tall  as  the 
larch.     The  height  of  mature  lodgepole  pine  is  modest   (about  90  ft   [27  m] ) ,  however, 
compared  with  120  ft  (37  m)  for  larch,   110  ft  (34  m)  for  Douglas-fir,  and  130  ft 
(40  m)  for  western  white  pine. 

When  a  larch  seed  source  is  deficient,  the  developing  stands  vary  greatly  in 
composition.     Stand  67  is  well  stocked  with  a  mixture  of  larch,  white  pine,  Douglas-fir, 
grand  fir,  and  spruce  (table  4).     Establishment  on  this  clearcut  was  slow  as  is  indicated 
by  the  small  numbers  of  trees  over  1  inch  (2.5  cm)  in  diameter  after  16  years  and  the 
large  proportion  of  small  trees.     This  condition  will  probably  yield  a  stand  with  a 
mixed  canopy  layer.     Another  clearcut   (stand  68)  is  notably  lacking  in  trees.     The  more 
tolerant  Douglas-fir,  white  pine,  spruce,  and  grand  fir  may  eventually  establish  on  the 
site  because  seed  is  available  in  the  adjacent  uncut  stand. 

On  the  drier  exposures,   stand  establishment  is  slower  and  more  difficult.  Larch 
trees  are  establishing  on  stand  63,  but  mostly  they  are  still  less  than  5  ft  tall, 
even  though  9  years  have  elapsed  (table  4).     Also  distribution  is  poor;  the  young 
trees  tend  to  be  clumped  on  areas  with  the  most  disturbed  soil  and  the  least  competi- 
tion from  undergrowth  vegetation. 
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Stand  71  is  on  the  only  clearcut  that  was  broadcast  burned.     This  stand  contains 
many  small  grand  fir  and  a  few  lodgepole  pine,  larch,  and  Douglas-fir,  an  indication 
that  grand  fir  will  be  the  major  component  of  the  new  stand. 

REQUIREMENTS  FOR  ESTABLISHMENT  AND  DEVELOPMENT 

Under  natural  conditions,  western  larch  establishes  the  first  season  after  wildfires 
if  seed  is  available.     This  species,  however,  rarely  establishes  in  undisturbed  forest 
on  the  ABGR/CLUN  h.t.   in  the  Swan  Valley.     Greatest  seedling  density  occurs  on  exposed 
mineral  soil  on  moist  sites,  such  as  north  slopes,  when  most  of  the  canopy  has  been 
removed  and  competition  from  undergrowth  is  minimal.     Seedling  density  is  often  greatest 
on  old  skid  trails,  but  these  trees  usually  do  not  grow  as  well  as  those  on  less  com- 
pacted sites.     On  south-facing  slopes,   larch  often  establishes  poorly  in  the  open.  This 
may  be  due  to  a  lethal  soil  surface  and/or  insufficent  soil  water  (Haig  and  others  1941). 
A  shelterwood  cut  improves  establishment  if  site  preparation  is  adequate.     Once  larch 
seedlings  are  established  they  grow  best  with  full  overhead  light.     Even  an  overstory 
of  scattered  trees  limits  growth.     Root  competition  may  limit  the  growth  of  larch 
(Roe  1956).     Once  a  clearcut  or  wildfire  site  revegetates,  the  potential  for  larch 
establishment  is  limited. 

Lodgepole  pine  has  establishment  requirements  similar  to  larch  within  this  grand 
fir  zone.     When  seed  is  available,   lodgepole  pine  normally  establishes  very  well  after 
disturbance  and  is  a  major  pioneer  on  many  natural  burns   (fig.   10).     Like  larch, 
lodgepole  pine  does  not  establish  in  the  undisturbed  forest  on  ABGR/CLUN  sites.  Slash 
disposal  methods  may  eliminate  most  lodgepole  seed  from  serotinous  cones. 


Figure  10. --Thinned  stand  of 
lodgepole  pine  on  a  natural 
burn  that  occurred  about 
18&0,  west  of  Swan  Lake, 
Montana. 


Douglas-fir  begins  regenerating  as  soon  as  seed  falls  after  site  preparation, 
but  continues  much  longer  than  western  larch  or  lodgepole  pine.     Because  Douglas-fir 
has  slower  early  growth  than  larch  or  lodgepole  pine,  it  usually  develops  as  a 
codominant  or  intermediate  (rarely  as  a  dominant)  following  clearcutting  or  wildfire. 
Douglas-fir  is  shade  tolerant  enough  to  persist  and  tends  to  fill  any  canopy  gaps  that 
develop.     Optimum  growth,  however,  is  attained  in  full  sunlight.     Where  larch  establish- 
ment is  poor,  Douglas-fir  often  becomes  dominant.     Douglas-fir  can  establish  under 
more  shrub  and  herb  competition  than  western  larch  or  lodgepole  pine.     In  old  forests, 
Douglas-fir  frequently  establishes  in  small  openings,  but  rarely  establishes  under  an 
undisturbed  canopy.     Increased  light  and/or  altered  soil  water  conditions  of  an  opening 
are  required. 
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Western  white  pine  seedlings  establish  on  many  clearcuts,  but  they  have  much 
slower  initial  grow1;h  than  larch  and  lodgepole  pine  seedlings.     Small  white  pines  can 
survive  under  some  shade,  but  make  poor  growth  and  will  eventually  die  unless  a  canopy- 
gap  develops  and  grow1:h  is  increased.     On  clearcuts  where  larch  regeneration  is  good, 
white  pine  will  constitute  a  minimal  component  of  the  mature  stands  (stands  66,  69, 
and  73;  table  4).     Occasionally,  when  larch  regeneration  is  poor,  white  pine  slowly 
develops  to  form  a  major  portion  of  the  canopy  layer  (stand  67;  table  4) .     White  pine 
also  establishes  in  small  forest  openings  much  like  Douglas-fir. 

In  northern  Idaho,  western  white  pine  often  develops  immediately  after  a  fire  and 
occupies  a  dominant  position  in  the  canopy  layer  throughout  stand  development.  This 
condition  has  not  been  observed  in  the  Swan  Valley  either  in  stands  developing  on 
clearcuts  or  following  wildfire.     In  the  climate  of  the  Swan  Valle)',  which  is  more 
continental  than  that  of  northern  Idaho,  larch  invades  immediately  after  disturbance 
and  usually  dominates  instead  of  white  pine.     Some  old  stands  have  canopies  with  a 
major  proportion  of  white  pine.     These  stands  have  little,  if  any,  larch  and  tend  to 
be  understocked,  an  indication  that  they  developed  slowly  after  larch  establishment 
failed . 

Grand  fir  establishes  on  many  clearcuts  soon  after  disturbance.     The  seedlings 
can  start  in  the  open,  but  more  often  they  occur  where  some  shade  from  direct  sunlight 
is  available  (fig.   H).     The  young  trees  grow  slow-ly  for  5  to  10  years,  but  then  grow 
rapidly  if  exposed  to  direct  sunlight.     Grand  fir  predominate  on  many  poorly  regenerated 
clearcuts. 


Figure  11. --Western  larch  sap- 
lings dominate  grand  fir, 
Doug las- fir,  and  spruce  on  a 
clearcut  in  the  Porcupine 
Creek  drainage,  Flathead 
National  Forest,  Montana.  This 
stand  has  an  excellent  diver- 
sity of  species  for  maintaining 
a  mixed  stand  after  thinning. 


Grand  fir  seedling  establishment  continues  for  many  years  after  disturbance 
(,Antos  1977).     The  evidence  from  natural  stands  indicates  that  establishment  tends  to 
become  restricted  to  openings  as  stands  mature.     Few  grand  fir  establish  below  un- 
disturbed canopy  in  old  forest,  but  regeneration  is  often  excellent  in  small  openings. 
Although  grand  fir  persists  under  dense  shade,  growth  is  very  slow.     After  removal  of 
part  of  the  overstory  in  forests  (which  ty-pically  occurs  after  fire),  dense  regeneration 
of  grand  fir  often  occurs. 


Spruce  can  establish  in  large  numbers  on  moist  clearcuts  or  on  natural  burns 
(stand  67;  table  4).     Spruce  becomes  a  major  component  in  the  canopy  only  on  wetter 
sites  where  larch  regeneration  fails.     In  old  stands,  spruce  occasionally  establishes 
in  openings. 
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Paper  birch  (Betula  papyrifera)  is  common  on  some  of  the  clearcuts  on  the  ABGR/CLUN 
h.t.   (stand  64  and  66;  table  4).     This  species  is  abundant  at  times  on  clearcuts  on  the 
THPL/CLUN  h.t.     The  young  trees  come  mostly  from  seed.     Initial  height  growth  of  birch 
is  faster  than  that  of  any  of  the  conifers  (fig.  12),  but  larch  usually  overtakes  birch 
at  a  height  of  about  20  ft   (6  m) .     Seedlings  seem  to  develop  only  on  wet  mineral  soil, 
but  birch  can  maintain  itself  for  a  while  in  old  stands  through  stump  sprouts  that 
grow  well  in  openings.     Birch  dominated  stands  have  developed  occasionally  after  wild- 
fires on  wet  sites  where  conifer  regeneration  is  very  poor.     This  also  may  happen  on 
clearcuts  on  the  THPL/CLUN  h.t. 


Figure  12. --Paper  birch  over- 
topping western  larch  regen- 
eration on  a  clearcut.  Big 
Creek  drainage,  west  of 
Swan  Lake,  Flathead  National 
Forest . 


On  some  clearcuts  large  numbers  of  black  cottonwood  {Populus  trichocarpa)  occur 
even  though  it  is  absent  in  the  adjacent  forest.     The  very  light  windborne  seeds 
germinate  well  on  damp  mineral  soil,  but  probably  nowhere  else.     The  young  cottonwoods 
grow  rapidly  at  first,  but  by  a  height  of  10  to  15  ft   (3  to  4  m)  growth  slows  greatly 
and  many  trees,  although  dominants,  are  in  poor  condition.     Apparently,  the  increasing 
competition  for  water  in  the  developing  stand  causes  the  cottonwood  to  decline  and  die, 
except  along  streams  where  there  is  a  permanent  supply  of  ground  water. 

Great  variation  exists  in  establishment  characteristics  among  the  trees  present 
in  the  Swan  Valley,     Figure  13  summarizes  the  information  concerning  the  conditions 
under  which  species  usually  establish.     Lodgepole  pine  and  larch  establish  best  on 
bare  mineral  soil  before  the  development  of  vegetation  causes  severe  competition  for 
light  and  water.     Douglas-fir,  grand  fir,  white  pine,  and  spruce  may  establish 
initially  with  larch  and  lodgepole  pine  or  later  when  herbs  and  shrubs  develop  to  the 
point  of  providing  more  microsite  protection  from  the  sun. 
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-Tree  species  establishment  under  various  conditions  on  the  Abies  grandis/ 
Clintonia  uni flora  habitat  type  in  the  Swan  Valley 


On  clearcuts,  where  larch  regeneration  is  good,  other  species  \\Fill  be  reduced  to 
a  minor  role  in  the  canopy  layer.     If  larch  fails,  then  a  combination  of  grand  fir, 
white  pine,  Douglas-fir,  and  spruce  will  slowly  establish.     As  stands  mature,  most 
regeneration  will  be  grand  fir,  with  some  Douglas-fir  and  occasional  white  pine.  Tree 
reproduction  on  shelterwood  cuts  or  after  natural  ground  fires  varies  according  to 
the  amount  of  canopy  left.     Where  a  high  percentage  of  the  canopy  is  left,  grand  fir 
is  favored.     With  decreasing  amounts  of  canopy,  both  Douglas-fir  and  grand  fir  establish 
well.     Under  a  thin  canopy,  larch  may  establish  with  site  preparation,  but  will  not 
develop  well  unless  more  light  is  attained. 

On  the  THPL/CLUN  h.t.,  tree  species  establishment  is  very  similar  to  that  on  the 
wetter  ABGR/CLUN  sites.     The  main  difference  involves  the  addition  of  redcedar.  On 
some  burns,  western  redcedar  establishes  in  very  large  numbers  (>6,000/acre  under  larch 
in  one  40-year-old  fire-initiated  stand).     Wet  mineral  soil  is  very  favorable  for 
seedling  establishment  if  competition  is  minimal  and  protection  from  direct  sunlight 
is  available.     On  some  clearcuts  and  frequently  on  wildfire  sites,  redcedar  establishes 
in  abundance  and  forms  a  layer  under  larch.     In  mature  forests,  redcedar  seedlings  are 
rare  and  those  that  do  occur  are  often  confined  to  openings  or  rotten  logs,  but  repro- 
duction by  layering  is  common. 

CHANGES  CAUSED  BY  TIMBER  MANAGEMENT  PRACTICES 

Effects  of  dozer  scarification  of  clearcuts  are  similar  to  those  of  natural  high 
intensity  fires  in  that  above  ground  parts  of  the  old  stand  are  mostly  removed  and 
mineral  soil  is  exposed,  but  there  are  important  differences.     On  the  clearcuts,  but 
not  on  natural  burns:    (1)  lodgepole  pine  seed  in  serotinous  cones  is  mostly  destroyed; 
(2)  fire  intensity  is  very  uneven,  with  hot  spots  under  piles,  while  often  the  rest 
of  the  area  is  little  burned;    (3)  snags  do  not  remain  to  provide  shaded  microsites  for 
tree  establishment;   (4)  nutrients  are  concentrated  under  piles;  and  (5)  shrub  and  herb 
root  systems  are  often  disturbed  during  scarification  and  slash  piling.     Seed  tree 
cuts  have  establishment  conditions  very  similar  to  clearcuts.     The  major  difference 
lies  in  the  greater  amount  of  seed  available.     Occasionally,  broadcast  burns  are 
used  for  site  preparation  and  slash  disposal.     This  treatment  is  somewhat  closer  to 
intense  natural  burns,  but  still  the  serotinous  lodgepole  seed  source  is  removed  and 
snags  are  not  often  present.     Shelterwood  cuts  are  similar  in  many  ways  to  natural 
ground  fires  which  partly  remove  the  canopy. 
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Clearcuts  with  little  or  no  site  preparation  tend  to  have  little  regeneration. 
Such  clearcuts  do  not  correspond  to  any  type  of  natural  disturbance.     Even  the  infre- 
quent occurrence  of  a  complete  windthrow  exposes  some  mineral  soil  around  the  stumps. 
Forest  trees  establish  slowly  under  these  conditions. 

Cutting  methods  tliat  remove  the  dominant  trees,   leaving  smaller  (often  suppressed) 
trees  to  form  a  new  stand  create  an  unnatural  condition  in  this  forest  type.  This 
occurs  naturally  only  following  some  insect  epidemics  or  windthrows,  after  both  of 
which  the  probability  of  fire  usually  increases.     Trees  in  the  Swan  Valley  establish 
readily  after  fire,  which  historically  is  the  predominant  type  of  disturbance. 

POTENTIAL  OF  ADVANCED  REGENERATION 

Many  old  stands  on  the  ABGR/CLUN  h.t.  have  an  abundance  of  small  understory  grand 
fir  (fig.   14).     Typical  suppressed  grand  fir  10  ft   (3  m)  tall  average  from  60  to  80 
years  old  (fig.   15).     These  trees  normally  grow  in  height  at  rates  of  0.5  to  2  inches 
(1  to  5  cm)  per  year.     Other  grand  fir,  which  receive  overhead  light  at  an  early  age, 
grow  rapidly  and  can  become  part  of  the  upper  canopy.     Great  variation  in  size  occurs 
between  trees  of  a  given  age  (fig.   15).     One  hundred-year-old  grand  firs  range  in 
height  from  5  ft  (1.5  m)  to  over  100  ft  (30  m) . 

Probability  of  obtaining  a  useful  new  stand  from  small,  suppressed  grand  fir  is 
low  (fig.   16).     Many  suppressed  grand  firs  fail  to  respond  to  release.     Of  those  that 
do  respond,  many  are  prone  to  heart  rot  from  the  Indian  paint  fungus  {Echinodontium 
tinctorium)   (Aiitos  1977).     Some  sites  north  of  Swan  Lake  were  "high-graded"  before  1950, 
but  now  support  few  sound  trees.     These  stands  of  mostly  rotten  grand  fir  represent 
poor  utilization  of  highly  productive  sites. 


Figure  14. --Small  grand  fir 
growing  under  an  overstory 
of  mature  western  larch, 
Douglas-fir,  and  western 
white  pine.  Porcupine 
Creek  drainage,  Flathead 
National  Forest.     Most  of 
this  advance  regeneration 
is  not  worthy  of  featuring 
in  a  new  stand  after 
removal  of  the  old  growth. 
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Figure  15. --Variation  in  height  and  age  of  grand  fir  in  the  Swan  Valley 


Figure  16. --Advance  grand  fir 
regeneration  and  other  un- 
merchantable trees  left 
after  harvest.     The  young 
western  larch  (foreground) 
will  rapidly  overtake  the 
much  older  grand  fir  in 
total  height  and  will  pro- 
vide for  more  volume  growth. 
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The  potential  for  release  o£  the  few  suppressed  western  white  pine  found  in  old 
growth  stands  is  poor  because  of  their  old  age  and  the  high  incidence  of  rot.  White 
pine  can  endure  long  suppression  (one  tree  was  170  years  old,  but  only  21  ft   [6.4  m] 
tall).     These  old  suppressed  trees  probably  will  not  recover  upon  release,  but  younger 
more  vigorous  trees  respond  to  large  increases  in  overhead  light  with  rapid  growth. 
Many  mature  white  pine  had  a  center  of  small  rings,  indicating  that  they  went  through 
a  period  of  initial  suppression.     In  the  Swan  Valley,  heart  rot  is  common  in  the  older 
suppressed  white  pines. 

Douglas-fir  is  common  in  some  understories ,  especially  on  drier  sites.  Trees 
which  still  exhibit  moderate  vigor  respond  well  to  increased  light.     In  some  drier 
stands  on  the  ABGR/CLUN  h.t.,  there  are  large  numbers  of  small  Douglas-fir,  initiated 
after  ground  fires,  which  appear  to  offer  potential  for  release  cuttings. 

On  the  THPL/CLUN  habitat  type  sites,  small  redcedar  are  often  abundant  in  mature 
stands.     Like  the  grand  fir,  most  of  these  trees  are  old  and  many  are  hollow  in  the 
6-inch  (15-cm)  diameter  range.     Although  some  of  these  trees  will  begin  to  grow  well 
upon  relaease,  it  is  doubtful  that  they  will  produce  useful  timber.     In  the  Swan  Valley, 
redcedar  is  at  its  eastern  limits  and  grows  slowly,  not  attaining  large  size  except  on 
-   the  wettest,  most  protected  sites,  such  as  side  drainages. 

Management  Implications 

Under  natural  conditions,  the  forests  on  the  ABGR/CLUN  h.t.   in  the  Swan  Valley  were 
recycled  periodically  by  fire.     Silvicultural  practices  can  mimic  this  pattern  by  using 
the  clearcut,   seed  tree,  or  shelterwood  systems  with  site  preparation  by  dozer  scarifi- 
cation or  broadcast  burning.     The  clearcut,   seed  tree  cutting,  and  shelterwood  cutting 
resemble,  respectively,  the  effect  of  a  wildfire  that  kills  the  entire  stand;  all  but  a 
few  scattered  trees;  and  a  portion  of  the  dominants  and  codominants.     Less  intense 
wildfires  that  have  little  effect  on  the  canopy  approximate  a  thinning  more  than  the 
process  of  stand  replacement.     Broadcast  burning  has  many  of  the  characteristics  of 
wildfire.     The  process  of  piling  and  burning  is  less  similar  to  wildfire,  but  still 
has  many  of  the  same  effects. 

Figure  17  presents  the  most  probable  results  of  natural  regeneration  from  the  use 
of  different  cutting  methods  and  site  preparation  techniques  in  old  forests  on  the 
ABGR/CLUN  h.t.     Artificial  regeneration  (usually  planting)  may  be  used  to  increase 
species  diversity,  supplement  inadequate  seed  crops,  or  increase  superior  genetic  traits. 
The  sites  are  divided  into  north  and  east  slopes  and  into  south  and  west  slopes  because 
of  the  important  effects  these  exposure  differences  have  on  seedling  establishment. 
In  considering  a  site,   it  is  important  to  keep  in  mind  the  modifying  effects  slope 
position,  slope  inclination,  and  wind  exposure  have  on  the  results  expected  from 
aspect  alone.     Seed  tree  cuts  are  not  diagramed  here  separately  from  clearcuts  because 
seedling  establishment  conditions  are  similar. 

The  seed  tree  or  clearcut  system  with  site  preparation  through  broadcast  burning 
or  dozer  scarification  offers  a  high  probability  of  regenerating  a  stand  of  desirable 
composition  on  north  slopes  (fig.   17).     Usually,  a  larch-dominated  stand  with  an 
admixture  of  other  species  will  result.     Seed  trees  insure  a  more  uniform  seed  supply, 
but  are  often  not  necessary  for  the  attainment  of  adequate  stocking  (Shearer  1959). 
If  seed  trees  are  left,  they  should  be  the  best  and  most  windfirm  trees  in  the  stands 
and  preferably  of  more  than  one  species  in  order  to  increase  the  diversity  of  the 
new  stand.     How  many  seed  trees  are  necessary  is  a  difficult  question,  because  the 
number  required  to  produce  adequate  stocking  in  good  seed  years  with  favorable  weather 
will  produce  few  seedlings  in  dry  or  poor  seed  years.     The  target  between  understocking 
and  overstocking  is  difficult  to  hit.     It  appears  to  be  better  to  err  toward  over- 
stocking, since  thinning  is  warranted  on  these  highly  productive  sites.     While  the 
problems  encountered  in  a  brushy  understocked  stand  can  be  formidable,  the  best  approach 
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■Clearcut- 
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ment of  DF  and  GF 

-None  ^Shrubfield;  very  slow  development  of 

,     DF  (GF) 
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Figure  17. --The  most  likely  outcome  o£  silvicultutal  procedures  on  Abies  grandis/ 
Clintonia  uniflora  sites  in  the  Swan  Valley.  (DF  =  Douglas-fir,  GF  =  grand  fir 
and  WP  =  white  pine.) 
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may  involve  leaving  numerous  seed  trees  and  scarifying  less  than  50  percent  of  soil 
surface,  thus  limiting  the  amount  of  area  on  which  trees  can  establish.  This 
practice  also  limits  root  and  rhizome  damage  of  important  shrubs  like  Vaccinium  globulare 
and  lessens  the  potential  for  soil  erosion.     Dozer  scarification  has  no  counterpart  under 
natural  conditions;  so  minimizing  this  process  may  be  advantageous. 

Although  shelterwood  trees  are  not  normally  needed  on  north  slopes,  they  do  not 
inhibit  larch  regeneration  if  they  are  removed  as  soon  as  tlie  larch  are  established. 
If  the  shelterwood  is  not  promptly  removed,  the  young  larch,  which  are  shade-intolerant, 
will  make  poor  growth  and  may  be  overtopped  by  Douglas-fir  regeneration.     Removal  of  the 
shelterwood  when  trees  are  sapling  size  causes  unacceptable  damage  to  the  new  stand. 
Douglas-fir  establishes  well  and  can  grow  better  than  larch  under  a  shelterwood.  Most 
stands  have  some  larch  dwarf  mistletoe  (Arceuthobium  laricis) ;  so  larch  shelterwood  and 
seed  trees  must  be  removed  as  soon  as  possible  (Schmidt  and  others  1976)  .  Douglas-fir 
however,  is  nearly  free  of  dwarf  mistletoe  within  the  Swan  Valley. 

Shelterwood  cuts  provide  the  protection  that  is  usually  needed  for  seedling  estab- 
lishment on  south  slopes  (fig.   17).     Larch  stands  can  be  initiated  where  the  shelterwood 
trees  are  removed  promptly;  delayed  removal  will  favor  Douglas-fir.     Good  regeneration 
requires  site  preparation  through  broadcast  burning  or  scarification.     In  stands  with 
few  windfirm  trees,  clearcutting  and  planting  may  be  the  best  options. 

On  some  drier  sites  within  the  ABGR/CLUN  h.t,,  ground  fires  have  produced  Iietero- 
geneous  stands  with  more  than  one  age  class  and  groups  of  even-aged  trees.     In  these 
stands,  a  group  selection  approach  can  be  used.     Groups  of  vigorous,  full-cro\med 
sapling  Douglas-fir  are  sometimes  present  and  this  advance  growth  should  be  maintained. 
The  areas  of  older  growth  should  be  cut  using  the  shelterwood  system.     This  approach  is 
best  suited  for  Douglas-fir,  although  larch  grows  well  if  openings  are  large  enough 
(over  2  acres)  and  the  shelterwood  is  removed  promptly. 

Grand  fir  develops  beneath  regenerated  larch  on  cutover  areas,  just  as  it  does 
during  natural  forest  succession.     Most  of  these  grand  fir  trees  will  be  suppressed, 
but  some  will  contribute  to  the  stand  volume.     Where  larch  is  rare  or  absent  in  a 
shelterwood,  grand  fir  may  dominate  the  new  stand  with  Douglas-fir,  unless  grand  fir  is 
mostly  removed  from  the  shelterwood.     Grand  fir  trees  that  attain  a  dominant  or  co- 
dominant  position  when  the  stand  is  young  can  be  left  since  they  grow  rapidly. 

Western  white  pine  makes  good  growth  on  many  sites,  but  the  presence  of  the  white 
pine  blister  rust  [Cronartium  ribicola)  makes  management  difficult.     In  general, 
this  species  should  not  be  discriminated  against  because  growth  is  good  and  there  is 
the  possibility  of  naturally  occurring  resistant  strains.     Resistant  stock  can  be 
planted  on  wetter  sites. 

Lodgepole  pine  occurs  in  many  natural  stands  less  than  150  years  old.  Few 
lodgepole  pines  occur  on  most  clearcuts.     This  is  apparently  because  of  a  combination 
of  seed  destruction  during  site  preparation  and  low  seed  source  in  adjacent  uncut  forests. 

Table  5  contains  a  summary  of  recommended  silvicultural  procedures  to  obtain  natural 
regeneration  on  the  ABGR/CLUN  h.t.   in  the  Swan  Valley.     On  THPL/CLUN  sites,  the  same 
recommendations  can  be  used  with  most  of  the  stands  corresponding  to  the  old-growth, 
north-slope  forest  with  a  larch  seed  source  present.     A  seed  tree  cut  or  a  clearcut 
should  work  well  on  these  sites.     A  few  THPL/CLUN  sites  occur  on  south  slope  seepage 
areas  and  here  a  shelterwood  is  appropriate.     In  all  cases,  site  preparation  should  be 
employed  by  broadcast  burning  or  scarification  and  by  piling  and  burning. 
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Table  S -Recommended  silvicultural  procedures  to  obtain  natural  regeneration  on  the 
Abies  grandis/Clintonia  uniflora  habitat  type  in  the  Swan  Valley 


Forest  to  be  cut 


Recommended  procedure 


Result 


Mature  forest  on 
north  or  east  slopes 
with  larch 


Mature  forest  on 
north  slope  with 
no  larch 


Mature  forest  on 
south  or  west  slope 
or  any  other  site 
where  seedling 
establishment 
might  be  difficult; 
larch  present 

Mature  forest  on 
south  slope  or 
any  other  site  where 
establishment  might 
be  difficult; 
larch  absent 


Clearcut  or  seed  tree-^  cut 
leaving  larch  and  Douglas-fir 
seed  trees;  site  preparation 
by  broadcast  burning  or 
scarification 

Seed  tree  or  shelterwood-^ 
cut  leaving  Douglas-fir 
and  mixture  of  other  species, 
including  white  pine,  grand 
fir,  and  spruce  (leave  spruce 
only  if  old  ones  are  vigorous 
on  site) ;  site  preparation  by 
piling  and  burning  (broad- 
cast burning  if  thin-barked 
trees  are  considered.) 

Shelterwood^  leaving  mostly 
larch  and  Douglas-fir; 
site  preparation  by  broadcast 
burning  or  piling  and  burning. 


Shelterwood  cut  leaving  mostly 
Douglas-fir,  site  preparation 
by  broadcast  burning  or  by 
piling  and  burning 


Larch-dominated  stand 
with  some  Douglas-fir 
and  small  amounts  of 
other  species  mostly 
below  the  canopy 

Mixed  forest  of 
Douglas-fir  with  some 
grand  fir  and  white 
pine  (spruce) 


Larch-dominated  stand 
with  varying  amounts 
of  Douglas-fir  depending 
in  part  on  seed  source 
ratios  in  shelterwood 


Douglas-fir  stand  with 
some  grand  fir 


Forest  with  groups 
of  healthy  advanced 
regeneration  of 
Douglas-fir  (usually 
in  groups  from  light 
burns  on  dry  sites) 


Combination  of  group  selection 
and  shelterwood  cut;  site  prepar- 
ation by  piling  and  burning; 
broadcast  burning  might  be 
possible  in  parts  of  area. 


Stand  with  two  or  more 
age  class  groups  of 
Douglas-fir  with  some 
larch  and  grand  fir 


^Seed  trees  and  shelterwood  trees  should  be  removed  as  soon  as  adequate  regenera- 
tion is  well  established. 
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These  recommendations  emphasize  the  production  of  wood,  but,  in  all  cases,  other 
forest  values  should  also  be  considered.     Shelterwood  cuts  help  alleviate  some  of  the 
visual  impacts  of  clearcuts.     Leaving  a  shelterwood  until  a  new  stand  has  been  initiated 
is  a  much  better  solution  to  visual  impact  than  leaving  suppressed  trees  regardless  of 
species  to  mask  a  site  that  is  not  being  well  used.     Where  visual  impact  is  the  major 
consideration,  a  combination  of  group  selection  and  shelterwood  cuts  may  be  used.  In 
some  areas,  big  game  use  is  intense.     The  canopy  should  probably  not  be  removed  on 
some  stream  bottom  deer  yards  or  only  small  areas  removed  at  a  time.     If  game  winter 
range  is  determined  to  be  more  important  than  timber  production  on  south  slopes, 
frequent  burns  will  maintain  shrubfields.     In  general,  it  is  advisable  to  limit  site 
scarification  in  order  to  minimize  erosion  and  shrub  reduction.     Many  cuts  can  provide 
significant  amounts  of  browse  species.     The  importance  of  various  types  and  patterns 
of  vegetation  to  big  game  species  and  other  wildlife  is  beyond  the  scope  of  this 
study,  but  needs  to  be  evaluated  on  the  grand  fir  sites  of  the  Swan  Valley. 

Every  site  and  stand  is  unique  and  requires  evaluation.     The  recommendations  put 
forward  here  are  general  guidelines  and  will  need  modifications  to  accommodate  specific 
stand  characteristics  and  management  objectives.     A  through  knowledge  of  tlie  dynamics 
of  this  forest  vegetation  and  the  probable  outcome  of  manipulations  is  necessary  for 
optimum  management.     By  mimicking  natural  forest  processes  as  closely  as  possible,  it 
should  be  feasible  to  maintain  and  harvest  highly  productive  forests  on  grand  fir  and 
western  redcedar  sites  in  the  Swan  Valley  without  significant  adverse  effects  on 
other  forest  values  such  as  wildlife,  water  yield,  and  recreation  potential. 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  knowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  231  miUion  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  millions  of  visitors  each 
year. 

Field  programs  and  research  work  units  of  the  Station 
are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 
State  University) 

Logan,  Utah  (in  cooperation  with  Utah  State 
University) 

Missoula,   Montana  (in  cooperation  with  the 
University  of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  Univer- 
sity of  Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young 
University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 


